Solid pseudopapillary neoplasm is a rare tumor of the pancreas. These tumors are considered to have low malignant potential with good prognosis. Due to its rarity, details about clinical presentation and management of the disease are not very clear. This study aims to share our experience and to describe management of the disease. We retrospectively evaluated patients 13 patients diagnosed with SPT on histopathological examination of resected specimen. Data on their clinicopathological, managementrelated factors, and follow-up was collected. All the patients were females, with a median age of 20 years. Abdominal pain was the most common presentation. The mean tumor size was 6.5 cm and majority of tumors were located in the head region. R0 resection was obtained in all the patients. All patients were disease-free with a median follow-up of 68 months. Excellent prognosis can be achieved with a margin-negative resection in these tumors. Adjacent organ or vascular involvement is not a contraindication for surgical resection.
Introduction
Solid pseudopapillary tumor of pancreas (SPT) is a rare neoplasm. SPTs are considered to have low malignant potential and they rarely metastasize [1] . These tumors are diagnosed mostly in young women and are generally well circumscribed and large in size at the time of diagnosis [1] . Most common presentation is abdominal pain and abdominal lump [2] . Ten to fifteen percent of these tumors have features of angioinvasion, perineural invasion, or invasion of adjacent organs (malignant features) [1] . Surgical resection is considered to be the treatment of choice for these tumors and prognosis after surgical resection is good [2] . Margin-negative surgical resection is considered as curative in most of the cases [2] . The aim of the present study was to retrospectively evaluate and share our experience regarding the clinicopathological and treatment related factors of SPT and outcomes after surgical resection.
Patients and Methods
This retrospective study was conducted at the Department of GI surgery, GB Pant Institute of Postgraduate Medical Education and Research (GIPMER), New Delhi, India. Between 2006 and 2017, 13 patients were diagnosed with solid pseudopapillary neoplasm of pancreas on histopathological examination of the resected specimen.
Information including the age, gender, symptoms, size of tumor, location of tumor, surgical procedure performed, margin status, features of malignant SPT on histopathological examination, postoperative complications, recurrence, and survival were collected and analyzed. For the diagnosis and classification of postoperative pancreatic fistula (POPF), the recommendations of the International Study Group on pancreatic fistula definition (ISGPF) were adopted [3] . WHO definition of malignant SPT [1] was adopted to assess the histopathological features. Statistical analysis of the data was performed using Graphpad prism v 5.03(GraphPad software, Inc., CA, USA).
Results
All 13 patients were females with a median age of 20 years (range 14-72 years). Most common presenting complaint was abdominal pain and was noted in 76.9% patients (n = 10). Other symptoms were abdominal lump in 23% (n = 3), jaundice in 7.6% (n = 1), and anorexia and weight loss in 15.3% (n = 2) patients. One patient (7.6%) had incidental detection of tumor.
The mean size of the tumor was 5 cm (range 2-12 cm). The tumor size < 5 cm was observed in 30.7% (n = 4), 5-10 cm in 61.5% (n = 8), and > 10 cm in 7.6% patients (n = 1), respectively ( Table 1) . Most of the tumors were located in head region of pancreas (n = 8, 61.5%); the rest were located in body (n = 3, 23%) and tail region (n = 2, 15.3%), respectively. Pancreatoduodenectomy (PD) was the most commonly performed procedure (n = 5, 38.5%), followed by enucleation (30.7%, n = 4), spleen preserving distal pancreatectomy (n = 2, 15.3%), distal pancreatectomy with splenectomy (n = 1, 7.6%), and median pancreatectomy (7.6%, n = 1), respectively ( Table 1) .
One out of the five patients with PD had a locally advanced lesion. In view of superior mesenteric vein (SMV) and colonic involvement, PD with SMV resection and end to end venovenous anastomosis with right hemicolectomy was performed.
All resections were R0 on histopathological examination. Two tumors (15.3%) showed features of angioinvasion-malignant SPT according to WHO criteria.
Pancreatic leak and superficial surgical site infection was observed in two patients (15.3%) each. Both of the patients had grade A postoperative pancreatic fistula. Pancreatic leak was observed in two patients out of four patients who underwent enucleation, and no pancreatic leak was observed in patients who underwent PD, distal pancreatectomy, and median pancreatectomy.
There was no postoperative mortality. Follow-up ranged from 6 to 118 months, with a median follow-up of 68 months. All the patients were alive and disease-free on follow-up.
Discussion
Solid pseudopapillary tumor of pancreas (SPT) constitutes 1 to 3% of pancreatic neoplasms [2] and 9% of pancreatic cystic neoplasms [4] . SPTs are more commonly diagnosed in young females. Average age at presentation is 20 according to the previous studies [2, 5] . SPTs have also been reported to affect the males [2] and pediatric population [6, 7] . In our series, all the patients were females, 76.9% patients (n = 10) were young females, and the median age was 20 years (range 14-72 years).
Patients with SPTs usually present with abdominal pain (45%) or abdominal mass (34%) [2] . Other symptoms are anorexia, weight loss, nausea, and vomiting. Even with large tumors of head of pancreas, they rarely present with jaundice. Similar to a study by Patnayak et al., one patient in our study presented with jaundice [8] . Approximately 15% of patients may be asymptomatic [2] . As tumors are indolent, they tend to be larger in size at presentation [9] . In a study by Yu et al., tumor size ranged from 1 to 25 cm with a mean tumor size of 7.87 cm [10] . SPTs may arise anywhere within the pancreas but the most common sites are tail or head [2, 5] . In our series, majority of tumors were located in head (61.5%, n = 8) with abdominal pain as the most common symptom (76.9%, n = 10) and the mean size of the tumor was 6.5 cm (range 2-12 cm). Kamat et al. reported a case of SPT followed for 3 years without significant change in size of the tumor [11] . Rarely, SPTs can present with splenic vein thrombosis with sinistral portal hypertension [12] . No laboratory values are contributory and some cases can have elevated Ca 19-9 levels [6] . These tumors are evaluated preoperatively by radiological studies. Differential diagnosis includes cystic neoplasms of pancreas, unusual tumors of pancreas like acinar cell carcinoma, pancreatic pseudocyst, and pancreatoblastoma in children [11] . On CECT, SPTs are characteristically large and heterogeneously enhancing lesions with solid and cystic components, and they frequently demonstrate peripheral enhancement and variable calcification [13] (Figs. 1 and 2) . On MRI, a large, well-defined, encapsulated lesion with heterogeneous high or low signal intensity on T1-weighted, heterogeneous high signal intensity on T2-weighted, and early peripheral heterogeneous enhancement with progressive fill-in is found on gadolinium-enhanced dynamic MRI [14] . In cases where diagnostic uncertainty remains after imaging, fineneedle aspiration cytology (FNAC) is useful [15] .
Pseudopapillary arrangement with bland appearing tumor cells is a conclusive feature that is used for identification of SPEN [6] (Figs. 3, 4, and 5) . Mitosis is not a usual feature of this tumor. Occasional mitosis was reported from study by Mehta etal [16] . Recently, endoscopic ultrasonography (EUS)-guided biopsy is performed to establish the diagnosis preoperatively [17] . Five patients were proven to have SPT preoperatively by EUS-guided FNAC in our series. Neuroendocrine tumors (NET) are the closest differential diagnosis [9] . Immunohistochemical (IHC) pattern of these tumors are distinct. They are consistently vimentin-, CD 10-, and CD 56-positive. Estrogen and progesterone receptors are frequently present. Some cases express alpha-1-antichymotrypsin, alpha-1-antitrypsin, and neuron-specific enolase and synaptophysin. Chromogranin, CEA, acinar and ductal markers are negative in these tumors [15] .
Surgical resection is the recommended treatment for SPTs. Invasion to the portal vein or superior mesenteric artery should not be included as a criterion for unresectability of these pancreatic neoplasms [13] . Usually, tumor location is either in head or tail, and pancreatoduodenectomy or distal pancreatectomy is the most commonly performed surgery [2] . Adjacent organ when involved should be removed en bloc with the specimen [18] . The aim of surgical resection is to achieve R0 resection margin. R0 resection margin is associated with a long-term disease-free survival. According to Martin et al., 17 out of 19 patients who underwent R0 resection of SPTs had no recurrence after median follow-up of 8 years [19] . Lubezky et al. reported recurrence in 9.3% patients-6.25% patients showed liver metastasis and 3.1% patients showed a peritoneal and lymph nodal metastasis [17] . Lubezky et al. reported 5-and 10-year disease-free survival as 96.5 and 89.6%, respectively [17] . El Nakeeb et al. reported 88% estimated 5-year survival [20] . In our series, all patients underwent R0 resection and no recurrence was observed with a median follow-up of 68 months ( Table 2) . Downsizing of tumor has been reported in few studies after chemotherapy [21, 22] . SPTs are also found in ectopic pancreatic tissues like omentum and liver and mimicks as metastatic SPTs [9] . Malignant SPTs are defined as those tumors with histologic characteristics of angioinvasion, perineural invasion, or extension into the surrounding pancreatic parenchyma [1] . Ten to fifteen percent of these tumors have malignant features [1] . Comparatively, in our series, 15.3% patients (n = 2) showed features of malignant SPT. Nishihara et al. found that nuclear grade and venous invasion were significantly associated with the presence of metastasis [23] . More studies needed to ascertain whether presence of these factors correlates with higher risk of recurrence or metastasis.
Conclusion
Solid pseudopapillary tumors are rare tumors of the pancreas. High clinical suspicion is required for diagnosis, especially when diagnosed in young females. Vascular involvement is not a contraindication for resection. Surgical resection offers the best chance of cure. Excellent prognosis can be achieved with margin-negative resection.
